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ABSTRACT
The combined effects of amphetamine injections and medial hypotha­
lamic (MH) lesions on food intake, water intake, food seeking behavior 
in terms of number of contacts with the food cup, and body weight were 
evaluated in food and water deprived rats. 19 female albino rats were 
randomly assigned to 1 of 4 groups.
On Day 1, two groups received bilateral lesions of the MH in the 
area of the ventromedial nucleus. The remaining groups underwent sham 
surgery. The following sequence of conditions was employed: recovery
(Days 2-8), adaptation to deprivation (Days 9-23), Baseline period (Days 
24-30), and Injection period (Days 31-37). Feeding was ad lib during 
recovery and 18 hour deprivation thereafter. Beginning during the Base­
line period, intake measurements were made at the end of the first half 
hour, the first hour, and at the end of the 6 hour interval. "Eatometers" 
were employed to measure contacts with the food cup. Body weight was 
recorded once daily. During the Injection period, one lesioned and one 
Sham group received 3 mg/kg injections of amphetamine. The remaining 
groups were injected with physiological saline. All injections were 
given just prior to the beginning of the feeding interval. Histological 
verification of lesion sites was performed on all MH animals.
The food cup contacts measure showed no significant differences 
between groups. The results did conform, however, with those of Cole 
(1965) in that members of group Sham with Amphetamine showed fewer con­
tacts with the food cup than did members of group Sham with Saline.
The One Half Hour measures showed potent drug effects; Amphetamine 
groups had almost zero intakes. No effect of surgery was produced. Du­
ring the One Half to One Hour period, the drug further increased depres­
sion of intake, suggesting a 30 min. delay after injection before maximum 
drug effectiveness. The data suggested that equal amounts of "hunger’1 
and ’’thirst" are not produced by 18 hour deprivation. The1 One to Six 
Hour measures showed differential effects of surgery. Drug effects dis­
sipated during this interval. A reduced food intake for the MH groups 
in comparison to their Sham controls supported the large scale finicki­
ness to deprivation- feeding proposed by Epstein (1959). An increase in 
water intake over Injection days for the Amphetamine groups suggested a 
cumulative effect of the drug. Total intakes showed that the Ampheta­
mine groups always ate and drank less than their Saline controls. A 
possible "exaggerated normal" response was demonstrated by the MH with 
Amphetamine animals, who always ate and drank less than Sham with Am­
phetamine animals. Neither lesioned group showed a significant increase 
in total water intake. Body weight data showed that only group Sham 
with Saline continued to increase in weight across the Baseline and In­
jection periods. Group Sham with Amphetamine showed a weight loss, pos­
sibly because of incomplete adaptation to deprivation. Both MH groups 
showed weight loss, possibly due to incomplete adaptation to deprivation,' 
finickiness to the feeding situation, and for the Amphetamine group a 
decrease due to the drug effect.
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THE COMBINED EFFECTS OF D-AMPHETAMINE SULFATE 
AND BILATERAL LESIONS OF THE MEDIAL HYPOTHALAMUS 
ON FOOD AND WATER DEPRIVED RATS
INTRODUCTION 
Hypothalamic Control of Eating and Drinking
Prior to the development of the Horsely-Clark stereotaxic instru­
ment in 1939, the production of experimental hyperphagia and hypodipsia 
in laboratory animals and the verification .of ablated structures had 
been rather haphazard. This early research had often produced conflict­
ing results because of crude ablations. Inability to replicate these 
early studies using new stereotaxic procedures also suggested that sur­
gical artifacts were responsible for many of the results previously ob­
tained (Grossman, 1967). The capability of accurate placement of dis­
crete electrolytic lesions using the stereotaxic, however, began to pro­
duce a largely consistent body of data which implicated the hypothalamus
)
as an important part of the food and water intake regulatory system.
Hetherington and Ranson (1940) and Brobeck, Tepperman, and Long 
(1943) documented the effects of the bilateral destruction of the ven­
tromedial nucleus of the hypothalamus (VMH). Such lesions can produce 
a hyperphagic condition referred to as the VMH Syndrome. The syndrome 
consists of two phases: dynamic phase--the rat displays hyperphagia
and eats until its weight is two or more times what it was preoperatively; 
static phase— the rat’s weight ievels off and its daily intake becomes 
sufficient only to maintain it at this new higher level (Deutsch & Deutsch, 
1966; Morgan, 1966; Teitelbaum, 1967). Anand and Brobeck (1951) reported 
that the larger the bilateral lesions of the VMH, the more marked was the 
increase in food intake. Mayer and Barnett (1955) have also found that 
VMH lesions need not be bilateral in order to produce hyperphagia and
obesity in rats. Using unilateral lesions, they successfully produced 
the VMH syndrome, although the resultant effect was found to be only 
roughly one-half that usually produced by bilateral VMH lesions.
Anand and Dua (1955) employed electrical stimulation of the VMH 
and produced a decrease of food intake (though not complete aphagia), 
suggesting that the role of the VMH might be an inhibitory one. Bro­
beck, Larsson, and Reyes (1956) provided additional support for this 
concept of a "satiety center” in the VMH. Using single-cell recording 
in the VMH, they compared the general sympathomimetic effects of adre­
nalin with those of dl-amphetamine and d-amphetamine sulfate, known 
appetite depressants. They discovered no changes in recorded activity 
in the VMH with adrenalin, but did discover changes in the VMH with the 
amphetamines. Their results suggested that the appetite-depressant ef­
fects of the amphetamines are directly related to an excitatory action 
on an inhibitory mechanism (or "satiety center") in the VMH.
In summary, both lesion and electrical stimulation studies have 
supported the position that the function of the VMH is that of a "sa­
tiety center" and that destruction of this nucleus, whether unilateral 
or bilateral, raises the threshold of the food intake mechanism.
The lateral hypothalamic area (LHA) has also been implicated in 
the control of food, intake. Anand and Brobeck (1951) produced complete 
and permanent aphagia in rats with discrete bilateral lesions in the 
LHA. Even animals rendered hyperphagic by bilateral VMH lesions proved 
to be completely aphagic when bilateral LHA lesions were added by subse­
quent surgery. Anand and Brobeck suggested that the LHA was at least 
part of a mechanism more basic to food intake than the VMH "satiety cen­
ter;" that is, they hypothesized an LHA "feeding center." .They conclu­
ded that bilateral VMH lesions removed.inhibition and released the
activating mechanism in the LHA, explaining, at least in part, the 
hyperphagic phenomenon. Teitelbaum and Stellar (1954) produced aphagia 
in rats using bilateral LHA lesions, but reported that adipsia had also 
resulted. They also discovered that these effects were not necessarily 
irreversible and that stomach loading could be utilized to keep the 
animal alive until the lesion effects subsided, usually within 6 to 75 
days (Grossman, 1967). Morgane (1961a, 1961b) extended the concept of 
the LHA as a "feeding center" by differentiating between the effects of 
mid-lateral stimulation and far-lateral stimulation. Mid-lateral sti­
mulation produced bar pressing for food even when animals were sated, 
but these animals would not cross an electrically changed grid to do so. 
Stimulation of the far-lateral hypothalamus, however, produced bar-pres­
sing for food in sated animals even when crossing a charged grid was 
required. Thus, Morgane concluded that the mid-lateral hypothalamus is 
related to a metabolic feeding center, whereas the far—lateral hypo­
thalamus is related to the initiation of the hunger drive (Grossman,
1967) .
The work of Verney (1947) directed attention to the role of the 
hypothalamus in control of water intake. She injected hypertonic NaCl 
solutions into the carotid artery. These injections produced an in­
creased secretion of antidiuretic hormone (ADH), suggesting that the 
hypothalamus is a site of receptors sensitive to changes in the osmotic 
pressure of the blood. Hypertonic NaCl solutions produced a rise in 
the effective osmotic pressure of the blood in the carotid artery which 
serves the diencephalic portion of the brain. Increased ADH secretion 
followed the injection. She further hypothesized that the osmoreceptores 
hydrate and increase in size when the effective osmotic pressure of ex­
tracellular fluid decreases as a result of water intake or salt loss.
5This hydration in turn causes decreased ADH secretion. Increase in ef­
fective osmotic pressure of extracellular fluid causes dehydration of 
the osmoreceptors, a decrease in their size, and stimulation of ADH se­
cretion (Grossman, 1967).
In summary, the hypothalamus has been implicated in the control of 
food and water intake through research employing both lesion and electri­
cal stimulation techniques. The VMH has been designated a "satiety cen­
ter" and the LHA a more basic "feeding center." The hypothalamus has 
also been designated a site of osmoreceptors related to the regulation 
of water intake.
Effects of Amphetamine
The effects which follow the administration of a member of the am­
phetamine family of drugs are well documented. These effects may be 
categorized as being of two types: (1) decrease in food and water in­
take and (2) increase in activity level. In the literature review 
which follows, an attempt has been made to indicate the form of amphe­
tamine used in the study as well as pertinent dosages. The reader's 
attention is directed to the many forms of the drug used as well as the 
many dosage levels. Such differences between studies makes generaliza­
tion of results difficult at best.
As early as 1947, Harris, Ivy, and Searle had observed the anorexi- 
genic effects of amphetamine in hospitalized mental patients and had 
gone further to show that patients with frontal lobotomies were less 
susceptible to these effects than were normals. Anand and Brobeck (1951) 
studied the depressing action of amphetamines on food intake in the rat.
Using single-cell recording, they produced support for the hypothesis 
that amphetamine reduces food intake by exciting the ventromedial hypo­
thalamus (VMH), an inhibitory part of a hypothalamic feeding center.
6Recording in the lateral hypothalamic area (LHA) they also found evi­
dence to suggest that the LHA was at least part of a mechanism more
basic to food intake than the VMH; that is, a "feeding center" in con­
trast to the VMH "satiety center." They concluded that in the normal
animal, amphetamine acts by stimulating this VMH "satiety center." It 
will be recalled that Brobeck, Larsson, and Reyes (1956) also employed 
micro-electrode recording and produced support for the concept that am­
phetamines act by stimulating a "satiety center" located in the VMH. 
Teitelbaum and Derks (1958) demonstrated the potency of dl-amphetamine 
(Benzedrine) effects on water intake using a 5 mg/kg dosage. Although 
their primary purpose was to evaluate the effects of the drug in a 
forced drinking situation— i_. jb. , drinking to avoid an electric shock— , 
they produced suppression of water intake for at least two hours even 
in the presence of extreme thirst resulting from two days of water de­
privation. Even more recently.(Falk & Burnidge, 1970), support for the 
hypophagic and hypodipsic effects has found its way into the literature. 
Although the primary purpose of the Falk and Burnidge study was to ex­
plore the antagonistic or synergistic effects on water intake of 1) d—amphe­
tamine sulfate and chloropromazine and 2) d-amphetamine sulfate and phe- 
nobarbital in combination, they still successfully reproduced the hypo— 
phagic and hypodipsic effects with dosages of 0.5, 1.0, and 2.0 mg/kg 
of amphetamine alone.
In addition to the depression of food and water intake, ampheta­
mines have been observed to increase general activity levels (Cole,
1963 [d-amphetamine sulfate]; Hearst & Whalen, 1963 [d-amphetamine];
McGaugh, deBaron, & Longo, 1963). The observed effectiveness of the 
drug in producing an increase in bodily activity has been shown to 
depend on the activity level of the subject at the time of administration;
71. js., the lower the level of pre-administration activity the greater 
the effects of the drug and vice-versa (Zucker & Millner, 1964 [racemic 
amphetamine sulfate]; Davis, 1957 [dl-amphetamine]). Using amphetamine 
sulfate, Heimstra (1962) has shown evidence for social enhancement of 
the drug effect on activity in that the amount of enhancement shows an 
interaction between social conditions (animals housed singly or in 
communal cages) and dosage levels. The work of Schuster and Zimmerman 
(1961 [dl-amphetamine]) showed that activity measures do not reflect 
development of amphetamine tolerance in the subject, but rather reflect 
the prolonged action of the drug after even a single administration 
(Ross & Schnitzer, 1963 [d-amphetamine sulfate]). Campbell, Lytle, and 
Fibiger (1969), using d-amphetamine sulfate, demonstrated that ampheta­
mine not only produced an increment in activity, but that sensitivity 
to the drug is manifest in rats at an early age, beginning when the rat 
reaches 20 days of age.
Of particular interest in the formulation of the present study were 
the combined effects of hypothalamic lesions and the amphetamines. Two 
studies completed in 1959, one by Reynolds and the other by Epstein, 
were especially pertinent because they independently produced similar 
results. Reynolds proceeded from the assumption that if the VMH was 
indeed the receptor for amphetamine, then bilateral destruction of the 
area would eliminate the anorexigenic effect of the drug. Using rats 
food deprived for 24 hours and seven amphetamine dosages (ranging from 
0.0 mg/kg - 0.6 mg/kg with increments of 0.1 mg/kg), he found no results 
at the 0.0 level, but found that all other dosages produced statistically 
significant depression of food intake in animals with bilateral VMH le­
sions. His results also showed that the response of VMH lesioned animals 
injected with amphetamine was a more exaggerated one than that of drug
8injected normals; that is, depression of food and water intake was much 
greater in his lesioned animals than in his controls. Reynolds conclu­
ded that his work did not rule out the VMH as the amphetamine receptor 
in normal rats, but that there must be an alternate target area in the 
VMH lesioned animals. He noted that the additional receptor hypothesis 
did not explain the "exaggerated normal" response in VMH lesioned ani­
mals .
Epstein (1959) noted the exaggerated response and performed a 
series of three experiments designed to assess the nature of this effect.
The first study explored amphetamine sulfate’s effects on eating beha­
vior and utilized 18 hour food deprivation and a 5 mg/kg dosage of the 
drug. Epstein’s VMH lesioned animals, which had shown hyperphagia, ate 
nothing for one to two hours after injection and failed to compensate 
during the six-hour test by eating their accustomed ration during the 
remaining four hours. Normal animals proved capable of compensating.
The second study explored amphetamine’s effect upon drinking behavior 
and employed 20 hour water deprivation and two dosage levels of the 
drug, 3 and 5 mg/kg. In normals, drinking was suppressed for the first 
half-hour at both levels, and completely eliminated at 5 mg/kg. In 
hyperphagics, drinking was completely suppressed at both levels. Once 
again the response of the VMH lesioned animals seemed to be exaggerated 
responses of the normals. Epstein explained this exaggerated eating 
and drinking depression in terms of large scale finickiness on the part 
of the VMH lesioned animal, not just to the stimulus aspects of the 
diet, but to the stimulus aspects of the feeding situation in general.
He suggested that the deprivation conditions may have created an aver- 
sive situation to which the VMH animal responds with a decrease in eat­
ing and drinking behavior. The third study dealt with whether the
9hypophagic effects of amphetamine and the resultant weight loss are a 
result of the concurrent hyperactivity or a result of the sympathetic ' 
action of the drug. The effects of ephedrine, phenylpropanolamine, and 
epinephrine were compared with the known effects of amphetamine. Ephe­
drine is a potent pressor agent, ji. e:., one which raises the blood pres­
sure, and is also an activity stimulator. Phenylpropanolamine is also 
a pressor agent, which produces no increase in activity level but does 
cause a decrease in body weight. Epinephrine is a sympathetic agent, 
but one which does not suppress eating. Epstein concluded that activity 
level does not seem to be the essential factor in suppression of eating 
when ephedrine and phenylpropanolamine are administered. His data ruled 
out the importance of sympathetic disturbances in the test with epine­
phrine. Epstein's results were supportive of those of Brobeck, Larsson, 
and Reyes (1956), who had compared the effects of dl-amphetamine, d-am­
phetamine, and adrenalin. Their results were presented in greater de­
tail earlier in this section, but showed no effect of adrenalin on VMH 
activity, while both amphetamines produced noticeable activity in the 
VMH.
Later studies contributed more information on the relationship be­
tween lesions of the hypothalamus and the amphetamines. Sharp, Neilson, 
and Porter (1962), using cats as experimental animals, administered am­
phetamine sulfate in 1.25 mg/kg oral doses every twelve hours. They 
found that in non-hyperphagic VMH animals the drug always decreased 
food intake while their hyperphagic group resisted the effects of the 
drug. Although the experimental animals were not rats, but cats, it 
should be noted that these results did not support previous research 
nor has subsequent research proven the effects to be reproduceable.
Carlisle (1964) found that amphetamine sulfate produced significantly
10
more depression in food intake in normal rats than in animals with bi­
lateral LHA lesions. These results suggest that the action of ampheta­
mine is an inhibitory one upon the LHA and were supported by the earlier 
results of Stowe and Miller (1957), Reynolds (1959), and Epstein (1959) 
which showed that amphetamine produced the greatest reduction in food 
intake in animals with bilateral VMH lesions. Carlisle also concluded 
that since bilateral LHA lesions failed to prevent an increase in acti­
vity level following administration of amphetamine, that there existed 
no evidence to show that amphetamine acts only at the hypothalamic level. 
During the same year, however, 1964, Cole and Hudspeth also reported 
that bilateral LHA lesions had produced a depressing effect upon food 
intake, but more importantly found the effect to be an exaggeration of 
the effects demonstrated in unoperated rats as had Reynolds and Epstein.
Cole (1966) went further to show that LHA lesions augment the anorexi- 
genic effect of d-amphetamine sulfate and suggested that part of the 
role of the intact LHA was to restrain the maximum effect of the drug.
His animals showed the "exaggerated normal" effect described by Rey­
nolds (1959) and Epstein (1959) leading him to conclude that the retard­
ing system on amphetamine influence includes both the LHA and the VMH.
The question still remains unanswered as to whether amphetamine 
exercises its anorexigenic effect by blocking eating behavior while in­
creasing the general activity level, by blocking eating behavior while 
having no effect on food seeking behavior, or by simply making the ani­
mal too active to stand still and eat. Cole had shown in 1963 that d- 
amphetamine sulfate depressed food intake in amounts that varied with 
different levels of deprivation. In 1965, Cole used four deprivation 
levels (0, 12, 24, and 36 hours) and four dosages of d-amphetamine sul­
fate (0.0, 0.50, 1.25, and 2.50 mg/kg) to explore the relationship more
11
thoroughly. He found that the interaction of amphetamine and depriva­
tion did not appear strain or sex specific. In terms of amount eaten,
0.50 mg/kg produced the most marked results (the greater the deprivation, 
the less the depressing effect of the drug) while other dosages produced 
almost linear results. In terms of food seeking behavior (number of 
contacts with the food cup) interaction between deprivation and dosage 
was considerable. The two higher levels showed increased food cup con­
tact for zero and 12 hours of deprivation, the two lower dosages for 24 
and 36 hours of deprivation. The problem, then, seems unresolved for in 
some cases the rat seems too active to eat (early hours at low dosage 
levels) and in other cases the rat seems to show more than normal food 
seeking behavior and seems to lack the ability to eat.
The present study used a single level of deprivation (18 hours) and 
a single dosage level of d-amphetamine sulfate (3 mg/kg) to determine 
their combined effects in normal animals and those with bilateral VMH 
lesions on four criteria: (1) food intake, (2) water intake, (3) food 
seeking behavior in terms of number of contacts with the food dish, and 
(4) body weight.
METHOD
Subjects. The subjects were 19 experimentally naive female albino 
rats (Dublin/Sprague-Dawley derived). The rats were approximately 120- 
150 days old at the beginning of the experiment and weighed between 250 
and 350 grams.
Proc-edure. All j>s were randomly assigned to one of four experimen­
tal groups. The group designations were as follows: Lesioned groups -
(1) MH with Amphetamine and (2) MH with Saline; Sham operate groups - 
(3) Sham with Amphetamine and (4) Sham with Saline. The experiment was 
run in three replications with nine subjects in the first, and five sub­
jects each in the second and third. During the study all animals were 
housed separately under 24 hour light conditions, at first in regular 
cages (#HB-11A, Hoeltge, Inc., Cincinnati) during the recovery from 
surgery and then in standard rat metabolism cages (Acme Metal Products, 
Chicago) during the adaptation to the deprivation feeding schedule and 
the remaining experimental manipulations. The metabolism cages allowed 
careful measurement of food intake. One hundred milliliter graduated 
cylinders were used as water bottles and allowed careful measurement of 
water intake.
Measurement of total number of food cup contacts (food seeking be­
havior) was accomplished with "lickometer" equipment (Zucker, 1969) modi­
fied to serve as "eatometers” (Fallon, 1965). The "eatometers" were 
employed in such a manner as to measure Ss' number of contacts with the 
food cup during the six hour feeding interval. The construction of the 
metabolism cages required the rat to enter a narrow feeding alley in
12
order to reach the food cup and precluded measurement of accidental 
food cup contacts. Food cups were fitted with banaria-jacks positioned 
in a hole drilled approximately halfway down the side of the cup. The 
food cup baffles were wired to the jacks and the inside of the cups lined 
with electrical tape to avoid accidental contacts. The banana-plugs, 
one for each food cup, were wired directly to separate "eatometer" cir­
cuits with the cage rack and cages themselves a common part of the cir­
cuit. "Eatometers" were connected through^a relay panel (Lehigh Valley 
Electronics [LVE]) to two digital counters per rat (LVE) which recorded 
each closure of the circuit. The four digit capacity of the counters 
required the use of two per animal in order that counts not be lost if 
the counters recycled to zero in the absence of the experimenter. A 
recycling interval timer (LVE) and a three-bank eleven-point stepper 
(LVE) were used to effect the switchover from counter to counter. Low 
voltage power for the "eatometer" circuits was provided by an E8000 
power supply (Staco, Inc.) and for all other apparatus by an LVE 1424 
power supply.
On Day 1 of the experiment, Ss in groups MH with Amphetamine and 
MH with Saline received bilateral lesions in the medial hypothalamus.
Lesions were performed under ether anesthesia with a preanesthetic dose 
of atropine sulfate (0.50 cc of a 2.40 mg/cc solution). The animal was 
positioned in a small animal stereotaxic instrument (David Kopf Instru­
ments) and bilateral lesions made with stainless steel electrode. The 
electrode was 0.25 mm in diameter and was insulated with Epoxylite ex­
cept for the tip. A 10 second anodal current of 2 mA was used with a 
rectal cathode. Coordinates for the bilateral medial hypothalamic le­
sion sites were based on the modified deGroot system'of Pellegrino and 
Cushman (1967). The rat’s head was fixed in. position so that the interaural
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line (an imaginary line that passed through the centers of the earbars 
when the rat was placed in the stereotaxic) was exactly five mm below 
the level of the bitebar. The anterior-posterior (AP) zero reference 
point was the interaural line. AP coordinates anterior to the inter- 
aural line were indicated by a preceeding plus (+) sign. The lateral 
coordinate (Lat) was measured from the midline of the skull. Bilateral 
lesions were made one to each side of the midline at the same distance 
from the midline and were indicated by a preceeding plus and minus (+) 
sign. The dorsal-ventral coordinate (DV) was measured ventral from the 
dura. A coordinate correction of .5 was added to the dura coordinate 
because the skull was used as DV zero. DV coordinates were preceeded 
by a minus (-) sign. All coordinates were expressed in terms of mm 
from the appropriate reference point. Coordinates for the lesion sites 
were: 5.2 AP, -9.5 DV (from the skull), and ±0.8 Lat. These coordinates
were chosen to place the lesions in the plane of maximum size of the VMH 
(5.2 AP). The VMH extends from AP 6.6 to AP 5.0. Preliminary verifica­
tion of lesion sites was done on Group 1 and 2 animals prior to surgery 
on Group 3. This preliminary work indicated that the lesion site was 
slightly too posterior for maximum damage to the VMH. As a result, the 
AP coordinate was corrected from 5.2 to 5.4. Group 3 animals were le­
sioned with this corrected coordinate and two of these six animals proved 
to be hyperphagic following surgery. No animals in Groups 1 and 2 showed 
the hyperphagia typical of the VMH syndrome. The hyperphagic animals 
were allowed ad lib food only during the seven day recuperation period 
and did not show the dramatic weight gains typical of dynamic hyper­
phagia. However, rat number 32 showed a 28% increase in body weight 
(92 grams) and rat number 34 a 32% increase (98 grams) during the seven 
days. Members of groups Sham with Amphetamine and Sham with Saline
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underwent sham surgery consisting of positioning the animal in the 
stereotaxic, making the incision, drilling the necessary holes in the 
skull at the correct coordinates, inserting the cathode, and suturing 
the incision.
Surgery was performed on three days in order to provide sufficient 
subjects for each experimental group. Animals which underwent surgery 
in Groups 1 and 2 were approximately 120 days old, those in Group 3 ap­
proximately 150 days old, at the time of surgery. Because of this dis­
crepancy, all food and water intake data was analyzed as a gram food 
per gram body weight ratio or as a milliliter water per gram body weight 
ratio.
A total of 33 animals were initially subjected to surgery; 20 re­
ceived bilateral MH lesions, and 13 received sham operations. Of the 
20 MH animals, one died of illness; one died during pre-surgery anes­
thesia; one was eliminated because of illness; two died during the Re­
cuperation period, and one died during the Baseline period. Of the re­
maining 14 MH rats, one was discarded in an attempt to equalize group 
sizes. From the group of 13 Sham operates, two died during the Recupera­
tion period, and two were discarded in an attempt to equalize group 
sizes.
Wet mash (ground Purina Laboratory Pellets and water approximately 
1:1) had to be provided for three animals during the recuperation from 
surgery phase of this study. Two of these rats died subsequently, and 
the third was eliminated because of illness. All animals in Group 3 
were placed on Polyotic (Cyanamid) 0.054 g/ml mixed with their drinking 
water for the three days prior to surgery.
Days 2 through 8 served as a recovery period. During this time 
animals were housed .in their regular cages and were fed ad lib Purina
Laboratory Pellets and water. Special attention such as the feeding of 
wet mash, administration of antibiotics, or stomach loading was given 
to four animals which did not seem to be recovering satisfactorily 
from the surgery.
Beginning on Day 9 of the experiment and continuing through Day 23, 
animals were transferred to the metabolism cages and maintained on 18 
hour food and water deprivation. This fourteen day period allowed the 
rats to become accustomed to the metabolism cages, the feeding alleys, 
and the deprivation schedule. Beginning during the Adaptation period 
and continuing through the completion of the study, food made available 
during the feeding interval was ground Purina Laboratory Pellets. The 
use of powdered food was required by the necessity to record accurate 
food intakes during the Baseline and Injection periods. During the 
next seven days, Days 24 - 30, food and water intake baselines were es­
tablished for each animal. Food cups were weighed to the nearest tenth 
of a gram 30 minutes after the feeding interval began, 60 minutes after 
it began, and at the end of the six hour period. Each rat also contin­
ued to be weighed once daily (this was begun on Day 1) immediately be­
fore the beginning of the feeding interval, and his weight recorded to 
the nearest gram. The measurements on Days 24 — 30 were used to esta­
blish weight baselines for each animal. Number of contacts with the 
food cup was also recorded during this period to provide baseline data. 
Readings were made 30 minutes after the feeding interval began, 60 min­
utes after it began, and at the end of the six hour period.
Beginning on Day 31 and continuing through Day 37, each animal 
received an intraperitoneal injection of a 3.0 mg/kg dose of d-ampheta­
mine sulfate (Smith, Kline, & French) or physiological saline (0.9%
NaCl) depending on its experimental group. The injections were made
17
after the daily weighing and immediately prior to the beginning of the 
six hour feeding period. Food intake, water intake, and number of con­
tacts with the food cup were recorded 30 minutes after the beginning of 
the feeding interval, 60 minutes after its beginning, and at the end of 
the six hours.
At the end of Day 37, all MH animals were sacrificed with an over­
dose of ether, perfused with physiological saline (0.9% NaCl in dionized 
water) and 10% formal-saline solution, their brains removed and set in 
the same strength formal-saline solution. Using the frozen tissue tech­
nique, 50 micra sections were sliced and alternate sections through the 
lesion area mounted and stained with a standard cresyl violet acetate 
(Allied Chemical) staining procedure.
Histological verification of the lesion sites followed the comple­
tion of slide preparation.. As a result of this verification, three of 
the 13 MH animals were discarded from the study, two of these because 
of unilateral lesion placement and one because of inaccurate bilateral 
lesions. A summary of the lesion damage to each rat is presented in 
Table 1. Five animals from Groups 1 and 2 received successful bilateral
Insert Table 1 about here.
MH lesions. Lesion sites ranged from AP 5,8 to AP 3.6 with the majority 
in the 5.6 to 5.4 range anteriorly (eight of ten lesions) and in the 4.6 
to 4.2 range posteriorly (nine of ten lesions). The plane of maximum 
lesion damage ranged from AP 5.2 to AP 4.4 with eight of ten lesions 
falling within the 5.2 - 4.8 range. The target plane, AP 5.2, accounted 
for four planes of maximum damage; the remaining six of ten were slightly 
posterior (four at AP 4.8 and two at AP 4.4) and verified that the
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decision to move the AP coordinate slightly more anterior was justified. 
A figure showing the plane of maximum damage representative of surgery 
groups 1 and 2 is contained in Appendix A.
Five animals from Group 3 received successful bilateral MH lesions. 
Lesion sites ranged from AP 6.0 to AP 3.4 with eight of ten lesions with­
in the 5,8 to 5.4 range anteriorly and seven of ten in the 4.6 to 4.0 
range posteriorly. The plane of maximum lesion damage ranged from 
AP 5.4 to AP 4.8 with eight of ten lesions within the 5.0 — 4.8 range.
The target plane, AP 5.4, contained only two planes of maximum damage, 
but included one of the hyperphagic animals. Six planes of maximum 
damage were slightly posterior (AP 5.0), but included the other hyper­
phagic rat, and the last two were slightly more posterior at AP 4.8. 
Moving the AP coordinate more anterior for the Group 3 rats produced a 
slightly higher percentage of successful surgery. Success in terms of 
bilateral MH lesion damage, the criterion for inclusion of an animal in 
this study, was approximately 84% for Group 3 as opposed to approximately 
71% for Groups 1 and 2. A figure showing the plane of maximum damage 
representative of surgery in Group 3 is contained in Appendix A. A 
figure showing the plane of maximum damage representative of hyperphagia 
producing MH lesions is also included in Appendix A.
RESULTS
The data from this study are composed of the daily food intake, 
water intake, and number of contacts with the food cup for each animal 
during the seven day Baseline period and seven day Injection period.
These three measures were read and recorded at the following intervals 
during the six hour feeding interval: at the end of the first half
hour (One Half Hour), at the end of the first hour (One Half to One 
Hour), and at the end of the feeding interval (One Hour to Six Hours). 
These readings were combined to measure the subjects* total activity 
(Total) during the six hour period. The final source of data consisted 
of each rat’s daily weight over the Baseline and Injection periods. Ani­
mals were weighed and weights recorded just prior to the beginning of 
the feeding interval so that the weight reflected the results of the 
intakes from the preceding feeding period. Four factor unweighted 
means analyses of variance with repeated measures on the last two fac­
tors were performed on the data from each time interval as well as the 
Totals and Body Weight data. Only those factors which attained a .01 
level of significance are reported in this Results section.
In the presentation of results which follows, the measure of food 
seeking behavior (number of contacts with the food cup) during each 
time interval will not be discussed with the food and water intakes du­
ring the same interval. This measure requires separate consideration 
because it showed.no significant differences between groups on any fac­
tor nor at any time interval. Food intake was expected to show signi­
ficant correlation with the number of food cup contacts for Saline groups
22
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during the Injection period and to show significantly lower correlation 
during injections for the Amphetamine groups. Correlations for each 
group are presented in Table 2. It can be seen that the measure was 
consistently and significantly correlated only for the MH with Saline
Insert Table 2 about here.
group. For this group it can be inferred that the measure was a rea­
sonable correlate of the food intake. The MH with Amphetamine group 
showed high positive correlations during the first two half hours, but 
these may be attributed to the fact that amphetamine was able to reduce 
both intake and contacts almost to zero during the first hour of the 
feeding interval. This same interpretation is applicable to group Sham 
with Amphetamine during the first half hour. It seems, however, that 
their sensitivity to the drug was not as high as that of the MH with 
Amphetamine group; i_. e^ ., the MH with Amphetamine group demonstrated 
the "exaggerated normal" reaction to the drug. With respect to the cor­
relations for food cup contacts and Total food intakes, the results 
conform somewhat to expectations. Each Amphetamine group showed a lower 
correlation than its Saline control; that is, the effect of the ampheta­
mine injection seems to have been to make the rat a less efficient eater 
when in contact with the food cup. The animals in group Sham with Sa­
line produced a low positive correlation while those in group Sham with 
Amphetamine produced a still lower correlation, presumably because the 
effectiveness of their eating attempts had been reduced by the ampheta­
mine injection. Likewise the group MH with Amphetamine animals showed 
decrease in effective eating when compared to group MH with Saline ani­
mals .
TABLE 2
FOOD CUP CONTACTS : FOOD INTAKE RATIOS 
CORRELATIONS
Group
Time Period
1/2 hr. 1/2-1 hr. 1-6 hrs. Total
MH Amphet. (N = 5) .846* .865* .048 .341
MH Sal. (N = 5) .533* .434* .504* .595*
Sham Amphet. (N - 5) .755* .384 -.040 .020
Sham Sal. (N = 4) .370 .537* -.195 .108
*p < .01, df = 35
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Table 3 presents the intergroup correlations between food cup con­
tacts and food intake ratios. Figures in this table are differences 
between z_ scores after z/ transformation (Edwards, 1962). With respect 
to total intakes, only the difference between the Sham with Saline and 
the MH with Saline groups achieved significance. Proceeding from re­
sults shown in Table 2, it would be expected that the MH groups would 
have eaten somewhat more efficiently than the Sham group. Table 3 con-
Insert Table 3 about here.
films that this difference was statistically significant.
Figure 1 (Food Cup Contacts - One Half Hour) and Figure 2 (Food 
Cup Contacts - One Half to One Hour) display the high degree of inter­
action within a narrow range of responding which made it impossible to 
distinguish between the groups statistically. The curves for each group
Insert Figures 1 and 2 about here.
in Figures 3 and 4 (Food Cup Contacts - One to Six Hours and Total, re­
spectively) bear striking resemblance both in shape and relative posi­
tion. The fact that the groups showed only slight changes from Baseline
Insert Figures 3 and 4 about here.
to Injection conditions ruled out the a priori predictions of differen­
tiation between experimental groups on the food cup contacts criterion. 
Analysis of variance summary tables are presented in Table 4 (Food Cup 
Contacts - One Hal.f Hour), Table 5 (Food Cup Contacts - One Half to One 
Hour), Table 6 (Food Cup Contacts - One to Six Hours), and Table 7 (Food
TABLE 3
FOOD CUP CONTACTS : FOOD INTAKE RATIOS 
COMPARISON OF INTERGROUP CORRELATIONS
Groups Compared
Time Period
1/2 hr. 1/2-1 hr. 1-6 hrs. Total
Sham Sal. - Sham Amphet. -2.2338 .7158 -.5922 .2668
MH Sal. - MH Amphet. -2.5670 -3.3920* 2.0264 .3373
Sham Sal. - MH Sal. -.7833 .4910 -2.8260* -2.1551
Sham Amphet. - MH Amphet. -1.0172 -3.6323* -.3604 -1.3376
*p < .01
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FIGURE 1
FOOD CUP CONTACTS - ONE HALF HOUR PLOTTED FOR GROUPS 
MH WITH AMPHETAMINE, MH WITH SALINE, SHAM WITH AMPHETAMINE, 
AND SHAM WITH SALINE AS A FUNCTION OF DAYS 
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FIGURE 2
FOOD CUP CONTACTS - ONE HALF TO ONE HOUR PLOTTED. FOR GROUPS 
MH WITH AMPHETAMINE, MH WITH SALINE, SHAM WITH AMPHETAMINE, 
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FIGURE 3
FOOD CUP CONTACTS - ONE TO SIX HOURS PLOTTED FOR GROUPS 
MH WITH AMPHETAMINE, MH WITH SALINE, SHAM WITH AMPHETAMINE, 
AND SHAM WITH SALINE AS A FUNCTION OF DAYS 
DURING THE BASELINE AND INJECTION 
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FIGURE 4
FOOD CUP CONTACTS - TOTAL PLOTTED FOR GROUPS 
MH WITH AMPHETAMINE, MH WITH SALINE, SHAM WITH AMPHETAMINE, 
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Cup Contacts - Total). It should be noted that these totals, though
Insert Tables 4, 5, 6, and 7 about here.
not significant, are consistent with the results found by Cole in 1963. 
The Sham with Amphetamine group showed a decreased number of food cup 
contacts in comparison with group Sham with Saline.
One Half Hour Measures. The summary tables for the analyses of 
variance on food and water intake during the first half hour of the 
feeding interval are contained in Tables 8 and 9, respectively. Food 
intake (Figure 5) showed no significant differences between groups during 
the Baseline period. Significant differences were produced, however,
Insert Tables 8 and 9 about here.
during the Injection phase (effect B) when the amphetamine and saline 
differences (C) interacted (B x C) and qualified the effects. The
Insert Figure 5 about here.
Amphetamine and Saline groups did not differ during the Baseline period; 
thus the significant decrease in food intake for groups MH with Amphe­
tamine and Sham with Amphetamine in comparison with their saline con­
trols is due to the effect of the drug. The effect over days (B x D) 
was caused by the divergence of the Sham with Saline and Sham with Am­
phetamine groups which showed that the Sham with Saline controls in­
creased their intake slightly after an initial decrease while the Sham 
with Amphetamine group seems to have leveled off after the same initial 
drop. The A x C x D interaction mirrored the divergence of the Saline
TABLE 4
FOOD CUP CONTACTS - ONE HALF HOUR
Source df MS F
Between Ss 18
MH - Sham (A) 1 0.713734 0.0631
Amphet.- Sal. (C) 1 65.855767 5.8232
A x C 1 12.691026 1.1222
Ss within Groups 15 11.309211
Within Ss 247
Baseline - Inject. (B) 1 1.553167 0.4546
A x B 1 0.011557 0.0034
B x C 1 16.447185 4.8135
A x B x C 1 0.220334 0.0645
B x Ss within Groups 15 3.416912
Days (D) 6 1.578798 2.0353
A x D 6 1.401932 1.8073
C x D 6 0.833676 1.0747
A x C x D 6 1.078993 1.3910
D x Ss within Groups 90 0.775699
B x D 6 0.929298 1.8002
A x B x D 6 1.368800 2.6516
B x C x D 6 1.032170 1.9995
A x B x C x D 6 0.823304 1.5949
B x C x j>s within Groups 90 0.516219
Total 265
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TABLE 5
FOOD CUP CONTACTS - ONE HALF TO ONE HOUR
Source df MS F
Between Ss 18
MH - Sham (A) 1 3.839112 0.3131
Amphet. - Sal. (C) 1 35.239024 2.8743
A x C 1 3.875550 0.3161
Ss within Groups 15 12.260069
Within Ss 247
Baseline - Inject. (B) 1 15.079168 3.8534
A x B 1 4.214207 1.0769
B x C 1 17.083241 4.3655
A x B x C 1 0.080574 0.0206
B x Ss within Groups 15 3.913232
Days (D) 6 1.674974 1.2795
A x D 6 1.183135 0.9038
C x D 6 0.618161 0.4722
A x C x D 6 1.656280 1.2652
D x Ss within Groups 90 1.309117
B x D 6 0.932209 1.1425
A x B x D 6 1.211001 1.4842
B x C x D 6 0.604882 0.7413
A x B x C x D 6 0.285550 0.3500
B x D x Ss within Groups 90 0.815944
Total 265
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TABLE 6
FOOD CUP CONTACTS - ONE TO SIX HOURS
-Source df MS F
Between Ss 18 -
MH - Sham (A) 1 2,152.882322 5.6669
Amphet. - Sal. (C) 1 391.313392 1.0300
A x C 1 25.192016 0.0663
Ss within Groups 15 379.906653
Within Ss 247
Baseline - Inject. (B) 1 14.983188 0.7030
A x B 1 128.158163 6.0131
B x C 1 79.119854 ,3.7123
A x B x C 1 63.706272 2.9891
B x Ss within Groups 15 21.313022
Days (D) 6 28.355187 0.8675
A x D 6 21.370571 0.6538
C x D 6 12.861349 0.3935
A x C x D 6 11.025024 0.3373
D x Ss within Groups 90 : 32.685981
B x D 6 39.080178 1.4749
A x B x D 6 13.835142 0.5222
B x C x D 6 27.756751 1.0476
A x B x C x D 6 16.274657 0.6142
B x D x Ss within Groups 90 26.496056
Total 265
)
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TABLE 7
FOOD CUP CONTACTS - TOTAL
Source df MS F
Between Ss 18
MH - Sham (A) 1 2,421.264077 3.8333
Amphet. - Sal. (C) 1 1,149.401308 1.8197
A x C 1 110.296603 0.1746
Ss within Groups 15 631.632703
Within Ss 274
Baseline - Inject. (B) 1 1.427494 0.0272
A x B 1 177.477824 3.3766
B x C 1 0.333434 0.0063
A x B x C 1 76.453573 1.4546
B x Ss within Groups 15 52.560668
Days (D) 6 43.863214 0.9904
A x D 6 41.895041 0.9460
C x D 6 12.053075 0.2721
A x C x D 6 9.857114 0.2226
D x Ss within Groups 90 44.288837
B x D 6 49.406644 1.4390
A x B x D 6 23.901384 0.6961
B x C x D 6 38.519707 1.1219
A x B x C x D 6 23.765884 0.6922
B x D x Ss within Groups 90 34.334350
Total 265
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TABLE 8
FOOD INTAKE - ONE HALF HOUR
Source df MS F
Between Ss 18
MH - Sham (A) 1 0.000115 0.5592
Amphet. - Sal. (C) 1 0.001750 8.5220
A x C 1 0.000002 0.0079
Ss within Groups 15 0.000205
Within Ss 247
Baseline - Inject. (B) 1 0.001423 24.6952**
A x B 1 0.000034 0.5854
B x C 1 0.001687 29.2687**
A x B x C 1 0.000000 0.0061
B x JSs within Groups 15 0.000058
Days (D) 6 0.000010 1.8076
A x D 6 0.000006 1.1313
C x D 6 0.000002 0.3355
A x C x D 6 0.000017 3.2016*
D x Ss within Groups 90 0.000005
B x D 6 0.000024 3.4358*
A x B x D 6 0.000007 0.9883
B x C x D 6 0.000006 0.8064
A x B x C x D 6 0.000004 0.5068
B x D x Ss within Groups 90 0.000007
Total 265
*p < .01, df = 6 ,  60
**p < .0005, df = 1, 15
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TABLE 9
WATER INTAKE - ONE HALF HOUR
Source df MS F
Between Ss 18
MH - Sham (A) 1 0.001889 4.2851
Amphet. - Sal. (C) 1 0.011109 25.2007*
A x C 1 0.000248 0.5634
Ss within Groups 15 0.000441
Within Ss 247
Baseline - Inject. (B) 1 0.004018 63.5995*
A x B 1 0.000069 1.0909
B x C 1 0.002764 43.7449*
A x B x C 1 0.000162 2.5700
B x Ss within Groups 15 0.000063
Days (D) 6 0.000042 1.5319
A x D 6 0.000023 0.8531
C x D 6 0.000016 0.5969
A x C x D 6 0.000014 0.5271
D x Ss within Groups 90 0.000027
B x D 6 0.000072 2.0008
A x B x D 6 0.000039 1.0790
B x C x D . 6 0.000021 0.5697
A x B x C x D 6 0.000039 1.0847
B x D x Ss within Groups 90 0.000036
Total 265
*p < .0005, df = 1, 15
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FIGURE 5
FOOD INTAKE - ONE HALF HOUR PLOTTED FOR GROUPS 
MH WITH AMPHETAMINE, MH WITH SALINE, SHAM WITH AMPHETAMINE, 
AND SHAM WITH SALINE AS A FUNCTION OF DAYS DURING 
THE BASELINE AND INJECTION PERIODS
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groups, but also showed that the MH vs. Sham difference was not great 
except during the Injection period and across days.
Water Intake (Figure 6) showed no days effect nor lesion effect and 
was collapsed across days and surgery to facilitate interpretation of 
results. It clearly shows the Injection period effect (B) and the drug
Insert Figure 6 about here.
effect (C) as well as the interaction (B x C) of these two factors. Both 
groups had almost identical intake during the Baseline period. The Sa­
line groups showed a slight decrease in intake, but the Amphetamine 
groups showed a dramatic reduction during the Injection phase.
One Half to One Hour Measures. The analyses of variance of food 
and water intake data during this second time interval are summarized 
in Table 10 (food intake) and Table 11 (water intake). Both analyses 
showed no main effect due to surgery or to days so that it was possible 
to collapse across these conditions for clarity.
Insert Tables 10 and 11 about here.
Food intake during the second one half hour period of the feeding 
interval (Figure 7) shows the anorexigenic effect of d-amphetamine sul­
fate to be still potent (C). Both the Amphetamine and Saline groups ate 
less during the Injection phase than during the Baseline phase (B), but 
the drug effect produced a much steeper and quite significant decrease 
in rate of food ingestion. As during the first half hour, the Saline 
and Amphetamine groups differed during both the Baseline and Injection 
experimental stages (B x C), but during this interval the Amphetamine 
groups always ate less than their Saline controls.
FIGURE 6
WATER INTAKE - ONE HALF HOUR COLLAPSED ACROSS DAYS AND SURGERY 
AND PLOTTED FOR THE AMPHETAMINE AND SALINE GROUPS AS A 
FUNCTION OF THE BASELINE AND INJECTION PERIODS
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TABLE 10
FOOD INTAKE - ONE HALF TO ONE HOUR
Source df MS F
Between Ss 18
MH - Sham (A) 1 0.000022 0.9824
Amphet. - Sal. (C) 1 0.000408 18.0204*
A x C l; 0.000000 0.0040
Ss within Groups 15 0.000023
Within Ss 2hl
Baseline - Inject. (B) 1 0.000671 42.1642**
A x B 1 0.000000 0.0004
B x C 1 0.000411 25.8251**
A x B x C 1 0.000024 1.5182
B x Ss within Groups 15 0.000016
Days (D) 6 0.000006 1.8460
A x D 6 0.000003 1.0335
C x D 6 0.000001- 0.3639
A x C x D 6 0.000004 1.3067
D x Ss within Groups 90 0.000003
B x D 6 0.000001 0.2571
A x B x D 6 0.000003 0.6762
B x C x D 6 0.000003 0.6615
A x B x C x D 6 0.000002 0.4699
B x D x Ss within Groups 90 0.000005
Total 265
*p < .001, df = 1, 15
**p < .0005, df = 1, 15
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TABLE 11
WATER INTAKE - ONE HALF TO ONE HOUR
Source df MS F
Between Ss 18
MH - Sham (A) 1 0.000774 4.4459
Amphet. - Sal. (C) 1 0.002900 16.6591*
A x C 1 0.000238 1.3680
Ss within Groups 15 0.000174
Within Ss 247
Baseline - Inject. (B) 1 0.001574 57.0141**
A x B 1 0.000220 7.9517
B x C 1 0.001579 57.2035**
A x B x C 1 0.000006 0.2330
B x Ss within Groups 15 0.000028
Days (D) 6 0.000034 2.2552
A x D 6 0.000025 1.6590
C x D 6 0.000013 0.8450
A x C x D 6 0.000012 0.7664
D x Ss within Groups 90 0.000015
B x D 6 0.000021 0.9397
A x B x D 6 0.000009 0.3970
B x C x D 6 0.000021 0.9529
A x B x C x D 6 0.000012 0.5334
B x D x Ss within Groups 90 0.000022
Total 265
*p < .001, df = 1, 15
**p < .0005, df = 1, 15
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Insert Figure 7 about here.
Figure 8 shows the amount of water intake during the One Half to 
One Hour time period. Both the Amphetamine and Saline groups had simi­
lar Baseline intakes, but during the Injection phase the Saline groups 
showed no change in amount of water drunk while the Amphetamine groups* 
mean intake was reduced to almost zero. As with food intake during this 
interval, the Amphetamine groups always drank less than did their Saline 
controls.
Insert Figure 8 about here.
One to Six Hour Measures. Table 12 summarizes the analysis of va­
riance of food intake during this third time interval. It shows that 
only the main effects of surgery, injection, and days reached signifi­
cance. The simplified figure for food intake, collapsed across drugs, 
is presented in Figure 9. It can be seen that the lesioned animals ate
Insert Table 12 and Figure 9 about here.
less than the Sham animals during the One to Six Hour period during both 
the Baseline and Injection conditions. Further, the net change in intake 
across days during each of these conditions is an increase in amount of 
food eaten. There is also an increase across the entire 14 days of the 
experimental manipulation.
Table 13 contains the summary table of the analysis of variance for 
water intake during the One to Six Hour portion of the feeding interval. 
These results are presented in Figure 10. It is at this point that the
FIGURE 7
FOOD INTAKE - ONE HALF TO ONE HOUR COLLAPSED ACROSS DAYS AND SURGERY 
AND PLOTTED FOR THE AMPHETAMINE AND SALINE GROUPS AS A 
FUNCTION OF THE BASELINE AND INJECTION PERIODS
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FIGURE 8
WATER INTAKE - ONE HALF TO ONE HOUR COLLAPSED ACROSS DAYS AND SURGERY 
AND PLOTTED FOR THE AMPHETAMINE AND SALINE GROUPS AS A 
FUNCTION OF THE BASELINE AND INJECTION PERIODS
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TABLE 12
FOOD INTAKE - O N E  TO SIX HOURS
Source df MS F
Between Ss 18
MH - Sham (A) 1 0.005778 12.9441*
Amphet. - Sal. (C) 1 0.000042 0.0939
A x C 1 0.000405 0.9072
Ss within Groups 15 0.000446
Within Ss 247
Baseline - Inject. (B) 1 0.003361 46.8063**
A x B 1 0.000032 0.4389
B x C 1 0.000590 8.2213
A x B x C 1 0.000055 0.7603
B x Ss within Groups 15 0.000072
Days (D) 6 0.000060 5.0739***
A x D 6 0.000012 1.0269
C x D 6 0.000026 2.2095
A x C x D 6 0.000008 0.6613
D x Ss within Groups 90 0.000012
B x D 6 0.000004 0.2576
A x B x D 6 0.000021 1.4251
B x C x D 6 0.000023 1.5748
A x B x C x D 6 0.000017 1.1597
B x D x Ss within Groups 90 0.000015
Total 265
*p < .005, df = 1, 15
**p < .0005, df = 1, 15
< .0005, df = 6, 60
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FIGURE 9
FOOD INTAKE - ONE TO SIX HOURS COLLAPSED ACROSS DRUGS 
AND PLOTTED FOR THE MH LESIONED AND SHAM OPERATE GROUPS AS A 
FUNCTION OF DAYS DURING THE BASELINE AND INJECTION PERIODS
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Insert Table 13 and Figure 10 about here.
the effect of surgery on water intake became significant. In addition 
to this main effect (A), there was a difference between the Baseline 
and Injection phases for the groups which can be seen as the increased 
interaction between the two MH groups and between the two Sham groups. 
There was also an interaction between drugs across days which can be 
seen as increased variability in the Sham groups and decreased varia­
bility in the Amphetamine groups. Across the entire 14 day period, the 
Amphetamine groups showed a net increase in water intake, the Sham with 
Saline group a net decrease, and the MH with Saline group almost no 
change. The MH animals always drank less than the Sham animals; Saline 
animals always drank more than the Amphetamine animals, and the Saline 
animals tended to decrease their intake across days while the Ampheta­
mine animals tended to increase.
Total Measures. The summaries of the analyses of variance for 
total food and water intakes are given in Tables 14 and 15, respectively 
Figure 11 shows Total Food Intake and likewise Figure 12 shows Total 
Water Intake.
Insert Tables 14 and 15 and Figures 11 and 12 about here.
The effects of surgery were significant (A) during both Baseline 
and Injection periods; the Sham group animals always ate more than the 
lesioned experimental groups. During each experimental phase, there was 
a generally increasing food intake for all groups. The Injection period 
results showed that the Saline groups had a greater intake than the Am­
phetamine groups, but the MH and Sham with Saline groups showed a net
TABLE 3.3
WATER INTAKE - ONE TO SIX HOURS
Source df MS F
Between Ss 18
MH _ Sham (A) 1 0.078493 15.2982**
Amphet. - Sal. (C) 1 0.014828 2.8899
A x C 1 0.003517 0.6855
Ss within Groups 15 0.005131
Within Ss 247
Baseline - Inject. (B) 1 0.001344 2.0274
A x B 1 0.002397 3.6146
B x C 1 0.005963 8.9929*
A x B x C 1 0.001309 1.9749
B x Ss within Groups 15 0.000663
Days (D) 6 0.000101 0.4908
A x D 6 0.000404 1.9682
C x D 6 0.000765 3.7248***
A x C x D 6 0.000392 1.9106
D x Ss within Groups 90 0.000205
B x D 6 ' 0.000308 1.4321
A x B x D 6 0.000325 1.5155
B x C x D 6 0.000336 1.5653
A x B x C x D 6 0.000295 1.3757
B x D x Ss within Groups 90 0.000215
Total 265
*p < .01, df = 1, 15
**p < .005, df = 1, 15
***p < .005, df = 6, 60
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FIGURE 10
WATER INTAKE - ONE TO SIX HOURS PLOTTED FOR GROUPS 
MH WITH AMPHETAMINE, MH WITH SALINE, SHAM WITH AMPHETAMINE, 
AND SHAM WITH SALINE AS A FUNCTION OF DAYS DURING 
THE BASELINE AND INJECTION PERIODS
W
AT
ER
 
IN
TA
KE
 
(m
l 
W
AT
ER
 
/g 
BO
DY
 
W
EI
G
H
T)
M H  AM PHET.
o M H  S A L .
S H A M  AMPHET.
& Ci S H A M  S A L .
.10
-a
- A —
4 6
B A S E L I N E INJECTION
DAYS
TABLE 14
FOOD INTAKE - TOTAL
Source df MS F
Between Ss 18
MH - Sham (A) 1 0.008305 13.0477*
Amphet. - Sal. (C) 1 0.004650 7.3056
A x C 1 0.000451 0.7092
Ss within Groups 15 0.000637
Within Ss 247
Baseline - Inject. (B) 1 0.000034 0.3423
A x B 1 0.000000 0.0001
B x C 1 0.001374 13.7856*
A x B x C 1 0.000011 0.1058
B x Ss within Groups 15 0.000100
Days (D) 6 0.000072 5.6766**
A x D 6 0.000028 2.1930
C x D 6 0.000029. 2.3125
A x C x D 6 0.000008 0.6462
D x Ss within Groups 90 0.000013
B x D 6 0.000018 1.0327
A x B x D 6 0.000013 0.7321
B x C x D 6 0.000014 0.7932
A x B x C x D 6 0.000018 1.0364
B x D x Ss within Groups 90 0.000018
Total 265
*p < .005, df = 1, 15
**p < .0005, df = 6, 60
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TABLE 15
WATER INTAKE - TOTAL
Source df MS F
Between Ss 18
MH — Sham (A) 1 0.123699 14.6000***
Amphet. - Sal. (C) 1 0.079119 9.3383*
A x C 1 0.008142: 0.9610
Ss within Groups 15 0.008473
Within Ss 247
Baseline - Inject. (B) 1 0.004979 9.6489*
A x B 1 0.004612 8.9371*
B x C 1 0.000371 0.7186
A x B x C 1 0.000909 1.7611
B x Ss within Groups 15 0.000516
Days (D) 6 0.000104 0.3725
A x D 6 0.000415 1.4910
C x D 6 0.000959 3.4463**
A x C x D 6 0.000547 1.9668
D x Ss within Groups 90 0.000278
B x D 6 0.000224 0.6227
A x B x D 6 0.000399 1.1078
B x C x D 6 0.000402 1.1156
A x B x C x D 6 0.000229 0.6374
B x D x Ss within Groups 90 0.000360
Total j 265
*p < .01, df = 1, 15
**p < .01, df = 6 ,  60
***p < .005, df = 1, 15
FIGURE 11
FOOD INTAKE - TOTAL PLOTTED FOR GROUPS 
MH WITH AMPHETAMINE, MH WITH SALINE, SHAM WITH AMPHETAMINE, 
AND SHAM WITH SALINE AS A FUNCTION OF DAYS DURING 
THE BASELINE AND INJECTION PERIODS
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FIGURE 12
WATER INTAKE - TOTAL PLOTTED FOR GROUPS 
MH WITH AMPHETAMINE, MH WITH SALINE, SHAM WITH AMPHETAMINE, 
AND SHAM WITH SALINE AS A FUNCTION OF DAYS DURING 
THE BASELINE AND INJECTION PERIODS
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increase in intake from Baseline to Injection periods while the MH and 
Sham with Amphetamine groups showed a net decrease.
The effects of surgery were also significant in terms of total 
water intake. The rats in Sham groups always drank more than their 
lesioned counterparts (A), but there were significant changes from 
Baseline to Injection periods for all four groups (B). Sham group ani­
mals tended to decrease their water intake during the Injection phase 
while MH animals tended to maintain a relatively consistent intake 
( A x  B). The Saline controls always drank more than their respective 
Amphetamine experimental group (C). There was also a net decreasing 
water intake for the Saline groups, while the Amphetamine groups showed 
no significant net change (C x D).
Body Weight. The means of daily body weights for each of the four 
experimental groups are presented in Figure 13. The analysis of vari­
ance summary of these data is contained in Table 16. The only main ef-
Insert Figure 13 and Table 16 about here.
feet which achieved significance was that of days (D). As was expected, 
only the Sham with Saline group failed to show a net loss over days; the 
other three groups showed net mean weight losses ranging from 8.69 grams 
for the MH with Amphetamine group to 7.08 grams for the Sham with Amphe­
tamine group to 6.14 grams for the MH with Saline group. The Sham with 
Saline group showed a net mean weight gain of 3.65 grams (A x C x D).
It should be noted that of the ten MH animals included in this study, 
group MH with Amphetamine contained one of the hyperphagic animals pro­
duced by the lesion surgery; group MH with Saline contained the second.
The Amphetamine groups showed a substantial mean weight loss from Baseline
FIGURE 13 
BODY WEIGHT PLOTTED FOR GROUPS 
MH WITH AMPHETAMINE, MH WITH SALINE, SHAM WITH AMPHETAMINE, 
AND SHAM WITH SALINE AS A FUNCTION OF DAYS DURING 
THE BASELINE AND INJECTION PERIODS
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TABLE 16
BODY WEIGHT
Source df MS F
Between Ss 18
MH - Sham (A) 1 57,653.856303 2.2298
Amphet. - Sal. (C) 1 26,873.130252 1.0393
A x C 1 60,044.713445 2.3223
Ss within Groups 15 25,855.901905
Within Ss 247
Baseline - Inject. (B) 1 1,366.071429 7.9172
A x B 1 539.160504 3.1247
B x C 1 719.012605 4.1671
A x B x C 1 272.068067 1.5768
B x Ss within Groups 15 172.545714
Days (D) 6 45.173739 3.9054**
A x D 6 27.430322 2.3714
C x D 6 15.727801 1.3597
A x C x D 6 36.691387 3.3450*
D x Ss within Groups 90 11.566905
B x D 6 3.689566 1.5527
A x B x D 6 4.104132 1.7271
B x C x C 6 13.160154 5.5382***
A x B x C x D 6 1.643067 0.6914
B x D x Ss within Groups 90 2.376270
Total 265
*p < .01, df = 6, 60
**p < .005, df = 6, 60
***p < .0005, df - 6, 60
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to Injection period while the Saline groups remained about the same 
(B x C x D) .
DISCUSSION
The purpose of this study was to determine the effects of a 3 mg/kg 
dosage of d-amphetamine sulfate in normal rats and those with bilateral 
MH lesions on four criteria: (1) food intake, (2) water intake, (3) food
seeking behavior in terms of number of contacts with the food cup and 
(4) body weight. Eighteen hour food and water deprivation was used to 
enhance the effects in much the same way as Reynolds (1959) and Epstein 
(1959). Of primary importance was reproducing the "exaggerated normal" 
reaction of MH animals to injection of amphetamine and exploring the 
specific effects of the drug on food seeking behavior.
The effects of the 3 mg/kg dosage of amphetamine used in the pre­
sent study were apparent from the very first half hour of the feeding 
interval. Both food and water intake were reduced to practically zero 
for the Amphetamine groups, although food intake showed somewhat less 
susceptibility to the drug effect than did water. There was such a 
high degree of interaction between groups during this first time period 
that no distinction could be made between MH and Sham operate groups; 
i^ €2., it appeared that there was no differential effect of the drug; 
no "exaggerated normal" effect was produced.
Again, at the end of the first hour of the feeding interval, the 
effects of the drug were evident, but the effects of the lesions were 
not. All groups decreased their food intake from the Baseline to Injec­
tion period, but the decrease for the Amphetamine groups was much steeper 
than that for their Saline controls. The decrease of the Saline groups 
may be the result of the animals’ habituation to the presence of the
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food cup, taking away some of the urgency of the earlier minutes of 
eating and allowing the Saline animals to pace themselves over the en­
tire six hour period. The slightly more depressed food intake during 
the One Half to One Hour period suggests approximately a 30 minute delay 
after injection before the maximum effect of the drug is exerted. A 
possible conclusion from comparison of the food intake data from the 
first two half hours of the feeding interval is that depression of water 
intake requires less drug effect than does depression of food intake; 
that is, equal amounts of "hunger" and "thirst" are not produced by 18 
hour deprivation. Water intake for Saline groups showed no change from 
Baseline to Injection periods, although water intake for the Amphetamine 
groups remained practically zero. The fact that water intake remained 
fairly stable for the Saline groups across the 14 days again suggests 
that "thirst" may not be as strong as "hunger" after 18 hours of depri­
vation.
Since the data from the remaining five hours of the six hour feed­
ing interval were collected as a single data point per animal, it is 
not possible to ascertain when the major effects of the amphetamine in­
jections dissipated, although behavioral observations of the experimental 
animals suggested that it occurred between the second and third hours.
Food intake for the One to Six Hour period showed a remarkably steady 
increase during the Baseline period for all groups, presumably because 
the rats became even more adapted to the deprivation feeding schedule, 
the metabolism cages, the feeding alleys, and the food cups. It was 
during this time interval that the effects of the MH lesions became 
statistically significant while the drug effects lost their significance.
The Sham groups always ate more than the MH groups. • This finding is in 
agreement with the results of Epstein (1959) and support his theory of
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large scale finickiness in the MH animal. It seems that the depriva­
tion conditions produced an aversive feeding situation to which the 
less tolerant MH animal responded with a decrease in eating and drink­
ing behavior. If true, this suggests that the effect of the lesions is 
at least a dual one— raising of the threshold of a VMH "satiety center" 
to a higher level (most clearly demonstrated with a post surgical ad 
lib feeding schedule) and the lowering of the ability to withstand 
aversive conditions by adapting to them (demonstrated by the 18 hour 
deprivation of the present study). The Sham groups continued to in­
crease food intake during the Injection phase during this time inter­
val, but the MH groups maintained what appears to be a stabilizing 
intake which might reflect the threshold of their tolerance to the 
deprivation feeding schedule.
Water intake during the One to Six Hour period also supported the 
idea of aversion to deprivation feeding in the MH animal, since both MH 
groups drank less than their respective controls during the Baseline 
and Injection periods. Both Amphetamine groups had increased their 
water intake beyond that of their Saline controls by the sixth day of 
the Injection period. This need not be considered contrary to the 
finickiness concept; rather it may represent the necessity of ingest­
ing an increased amount of water during the period following the dissi­
pation of the drug effects, while the Saline group rats are able to pace 
themselves more evenly during the entire six hour period. -The fact that 
this was a steadily increasing function for the MH with Amphetamine 
group may represent a cumulative effect of the drug across days, since 
there were no rest days between injection days, forcing the animal to 
drink more and more during the latter part of the feeding interval.
Readings every half hour would have shed more.light on this hypothesized
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cumulative effect. Bauer (1970) found that animals with medial hypo­
thalamic lesions failed to increase their intake with a 23 1/2 hour 
water deprivation schedule in comparison with normals. The MH with 
Saline group showed only a very slight increase in water intake over 
the 14 days of the experiment. Although her subjects were male Koltz- 
man rats and she used 23 1/2 hour deprivation vs. the female Dublin/ 
Sprague-Dawley rats with 18 hour deprivation of this study, present 
results support those Bauer obtained and the combined results of the 
two studies suggest that the effect is neither strain nor sex specific.
The data for total food and water intake supported both the finicki­
ness notion (across both Baseline and Injection periods) and the "ex­
aggerated normal" effect between the MH with Amphetamine group and the 
Sham with Amphetamine group during the Injection period. During the 
Baseline period, the Sham groups always ate and drank more than the MH 
groups, while during the Injection period each Amphetamine group ate 
and drank less than its Saline control (exaggerated response). The 
Injection period also showed that the MH with Amphetamine animals ate 
and drank less than the Sham with Amphetamine group (perhaps an "exag­
gerated finickiness" response). Neither MH group showed a significant 
increase in total water intake across the 14 days of the experiment 
providing additional support for the Bauer (1970) results previously 
cited.
The Body Weight data require little explanation. The Sham with 
Saline group continued to show an increase in weight across the 14 days 
of the experimental manipulations. Both maturational factors and in­
creased adaptation to the deprivation feeding schedule played a part in 
this increase. The Sham with Amphetamine group showed a loss of weight 
across the 14 days probably because their adaptation to the deprivation
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schedule was incomplete and during the Injection period because of the 
amphetamine effects. Both MH groups showed losses across the days of - 
the study, the Baseline data indicating probable incomplete adaptation 
to deprivation, as well as finickiness to the feeding situation, and 
for the MH with Amphetamine group a decrease due to the drug effect.
The reason for the Sham with Amphetamine group having failed to adapt 
to the 18 hours deprivation during the Baseline period cannot be ex­
plained in terms of available theory.
It should be noted that the number of contacts with the food cup 
measiire showed no significant differences1 between groups during the 
Baseline and Injection periods nor during any part of the feeding in­
terval. The results were supportive of those of Cole (1965), however, 
in showing that unlesioned animals injected with amphetamine had fewer 
contacts with the food cup than did their Saline controls.
a p p e n d i x  a
REPRESENTATIVE LESIONS 
A-l Surgery Groups 1 and 2: Bilateral medial hypothalamic lesions
through the plane of maximum extent of rat #28 plotted on Plate 
4.8 of Pellegrino and Cushman’s (1967) atlas. (Right side of 
the figure is the right hemisphere)
A-2 Surgery Group 3: Bilateral medial hypothalamic lesions through 
the plane of maximum extent of rat #35 plotted on Plate 5.0 of 
Pellegrino and Cushman’s (1967) atlas. (Right side of the figure 
is the right hemisphere)
A-3 Hyperphagia producing lesions: Bilateral ventromedial hypothalamic
lesions through the plane of maximum extent of rat #30 plotted on 
Plate 5.0 of Pellegrino and Cushman’s (1967) atlas. Right side of 
the figure is the right hemisphere)
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APPENDIX B
FOOD INTAKE-ONE HALF HOUR
Baseline--Days Injection-Days
Group
1 2 3 4 5 6 7
1
2 3 4 5 6 7
MH-Amphet
19 3.6 5.8 4.9 4.5 4.9 4.4 5.1 2.8 3.8 3.8 2.6 2.8 3.1 2.5
28 3.9 3.6 4.1 3.9 4.1 3.9 3.9 .0 .6 .0 .0 .0 .2 .0
47 1.6 1.4 1.3 1.6 1.9 1.7 1.8 .0 .0 .0 .2 .0 . 2 .1
30 2.2 3.0 3.1 3.0 3.4 3.1 3.1 .0 .0 .0 .0 .0 .0 .0
32 4.7 4.4 4.3 4.3 5.0 4.4 4.7 .1 .1 .5 .1 .0 .0 .0
MH-Sal
37 .5 1.2 1.3 1.1 1.1 .9 1.4 3.8 .9 1.0 1.3 1.1 1.1 1.2
41 2.1 1.6 2.6 1.7 1.4 1.5 1.8 4.4 1.5 1.3 1.3 1.5 1.5 1.5
31 4.6 4.2 4.1 4.5 4.0 3.7 4.4 2.1 4.5 4.9 4.4 3.7 3.9 5.0
34 3.9 4.1 4.0 4.1 4.4 4.3 4.2 4.1 4.1 3.9 3.9 3.7 3.9 3.8
35 4.6 4.9 4.6 4.3 . 2 4.3 5.0 5.1 4.4 5.4 4.4 4.8 5.2 5.1
Sham-
Amphet
16 3.9 4.5 3.5 3.9 3.6 3.8 4.0 .2 .0 .0 1.1 .0 .2 .1
38 2.9 3.1 2.9 2.8 2.7 2.7 2.9 5.0 .5 1.2 1.2 1.2 1.6 2.2
40 2.5 2.4 2.5 2.9 2.3 2.7 2.6 3.2 .5 .4 . 6 .3 .6 .9
22 1.8 1.4 1.4 1.6 2.0 2.0 1.9 .0 .2 .0 .1 .2 .3 .0
48 6.2 5.8 6.0 6.2 6.2 6.2 6.7 .3 .2 .2 .2 .2 .1 .0
Sham-Sal
17 3.1 4.1 1.8 3.0 2.2 2.3 3.1 2.7 2.5 2.6 3.2 2.7 3.2 4.2
18 3.6 4.1 3.4 3.2 3.4 3.6 3.6 3.3 3.3 3.4 3.8 3.8 4.0 4.0
42 3.2 6.0 4.3 4.8 5.0 5.5 4.5 7.3 3.6 3.9 4.8 4.8 5.0 4.8
45 1.6 2.7 2.7 2.9 3.6 3.1 2.6 2.5 1.7 2.7 2.3 2.0 2.3 1.2
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APPENDIX C
FOOD INTAKE-ONE HALF TO ONE HOUR
Baseline--Days Inj ection-Days
Group
1 2 3 4 5 6 7 1 2 3 4 5 6 7
MH-Amphet
19 2.4 1.2 1.6 2.2 1.5 2.4 1.7 .0 1.5 1.5 1.2 1.8 1.2 1.4
28 2.2 1.8 2.1 2.0 2.3 1.9 1.9 .0 .1 .0 .0 .0 .0 .0
47 .6 .4 .8 .3 .7 1.0 0.2 .1 .0 .0 .1 .1 .0 .0
30 2.1 2.3 2.4 2.1 2.4 2.2 2.5 .0 .1 .0 .0 .0 .0 .0
32 2.6 3.0 2.5 1.9 2.8 3.2 2.7 .0 .1 .0 .0 .0 .0 .0
MH-Sal
37 1.7 2.0 .8 .7 .9 1.0 .9 1.1 ,9 .7 . 8 .8 .9 .9
41 1.2 1.2 .9 1.0 1.0 .9 .8 1.1 .8 .7 .9 .9 .9 .8
31 1.7 2.5 2.0 1.4 2.5 3.8 2.2 3.0 .1 2.0 1.6 2.0 1.4 .2
34 2.5 2.6 2.4 2.5 2.9 2.8 2.8 2.4 2.7 2.7 2.1 2.6 2.1 .9
35 1.7 1.3 .8 1.8 5.5 1.0 .9 .5 1-5 1.0 1.3 1.7 1.3 2 . 1
Sham-
Amphet
16 1.9 2.3 2.1 2.8 2.2 2.2 2.2 .0 .0 .0 .0 .0 .0 .0
38 1.4 1.3 1.5 1.3 1.4 1.6 1.6 .8 .1 .3 .5 .7 .9 .8
40 1.7 . 6 1.5 1.7 1.6 1.8 1.7 .0 .3 .2 .2 1.2 .0 .1
22 1.1 1.0 1.2 1.2 1.2 1.3 1.2 .0 .0 .0 .1 .1 .0 .1
48 2.7 2.6 2.4 2.2 3.2 4.1 3.5 .0 1.0 .0 .0 .1 .1 .0
Sham-Sal
17 1.4 1.1 2.6 1.2 1.6 1.8 1.8 1.9 2.1 1.6 1.8 1.6 1.8 1.8
18 .5 1.6 1.9 1.8 1.8 2.1 2.1 2.4 2.3 2.4 2.2 2.3 2.4 2.6
42 3.4 1.9 2.6 2.5 2.0 1.0 1.4 1.4 1.3 .5 1.3 2.0 2.4 2.8
45 .5 1.3 .5 1.1 1.5 1.2 2.9 .2 1.1 1.3 1.9 1.0 .2 .7
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APPENDIX D
FOOD INTAKE-ONE TO SIX HOURS
Group
Baseline--Days ]Enj ection-I)ays
1 2 3 4 5 6 7 1 2 3 4 5 6 7
HH-Amphet 
19 .6 1.7 1.5 1.8 1.2 3.3 3.1 5.5 1.9 2.6 4.3 3.4 4.0 4.'
28 1.0 2.5 1.7 2.4 2.0 3.9 1.6 5 .4 6.1 5.5 5.3 4.9 4.1 4.<
47 . 6 1.5 1.6 1.8 1.8 2.0 1.5 3.6 3.7 3.9 4.4 4.4 5.0 5.(
30 6.1 6.8 6.2 6.5 7.3 7.1 7.0 8.0 9.7 8.7 8.7 8.9 8.4 8.!
32 8.5 7.8 8.4 8.0 8.4 9.8 8.9 8.9 8.5 13.1 12.0 11.9 12.5 10. i
MH-Sal
37 1.6 2.0 2.6 2.3 2.4 2.3 2.9 2.4 2.9 2.6 2.1 2.6 2.5 2 A
41 2.8 2.9 2.5 2.8 2.5 2.5 2.1 2.7 2.6 2.6 2.6 7.4 2.1 2.E
31 2.3 2.3 3.0 2.3 1.1 .3 2.3 3.1 3.8 2.5 2.8 3.1 3.8 3.(
34 6.5 6.1 5.2 6.7 6.9 7.8 8.4 9.2 8.2 10.1 10.4 10.1 9.8 8.:
35 2.4 3.4 3.7 3.6 3.5 4.4 4.8 5.5 4.8 4.1 5.4 4.4 4.5 3.:
Sham-
Amphet
16 3.5 5.7 4.0 5.7 4.6 4.9 5.4 6.1 6.4 8.7 9.4 9.7 9.3 10.1
38 2.0 2.6 3.1 3.3 2.7 3.0 3.2 3.9 6.0 4.1 4.9 4.7 4.4 3 A
40 4.7 6.7 5.0 6.8 5.2 5.8 4.8 5.3 7.6 5.5 6.1 6.6 8.8 8.E
22 4.5 4.6 4.1 3.6 3.8 4.3 4.4 4.0 4.4 5.4 6.3 5.6 6.1 6.E
48 4.4 4.9 4.0 4.7 5.2 4.6 5.1 9.5 11.0 11.3 12.4 10.7 11.8 13.C
Sham-Sal
17 6.5 3.5 4.1 5.5 6.2 8.5 8.1 6.9 8.3 8.2 8.1 10.0 8.4 8 A
18 5.1 4.9 5.4 6.2 5.6 4.5 6.6 5.9 7.7 7.7 9.3 8.1 7.7 1 A
42 4.1 4.3 5.3 7.1 7.0 4.5 7.2 6.1 6.9 7.3 6.7 4.2 5.8 6 A
45 9.4 8.2 10.7 7.4 9.4 6.2 8.0 9.1 7.9 6.6 7.5 7.4 7.3 8.:
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APPENDIX F
WATER INTAKE-ONE HALF HOUR
Baseline-Days Injection-Days
Group
1 2 3 4 5 6 7 1 2 3 4 5 6 7
MH-Amphet
19 4 5 7 4 4 6 3 1 1 1 0 0 0 0
28 4 3 3 4 4 3 3 0 0 1 0 2 0 0
47 1 4 3 2 1 2 2 1 0 0 0 0 0 0
30 5 5 6 5 6 6 5 0 0 0 0 0 1 1
32 4 4 6 4 6 4 3 0 0 1 0 0 0 1
MH-Sal
37- 0 6 3 0 0 2 2 1 1 1 0 2 2 0
41 0 4 4 2 3 6 4 2 2 2 4 2 2 2
31 6 6 6 5 6 5 6 7 7 7 7 4 5 3
34 8 8 10 8 11 9 9 9 8 8 8 8 7 8
35 7 7 6 5 6 6 5 5 7 5 7 7 6 7
Sham-
Amphet
16 3 7 5 4 4 5 5 0 0 1 0 0 0 0
38 4 7 3 3 5 6 5 1 1 0 1 0 0 0
40 3 4 0 2 2 5 5 1 0 0 0 2 0 1
22 3 3 5 4 5 4 5 0 0 1 0 2 0 2
48 7 8 7 7 6 7 10 1 0 1 0 0 0 0
Sham-Sal
17 8 9 0 7 10 9 10 6 7 8 5 5 5 4
18 8 13 10 5 3 6 5 6 8 10 9 11 10 10
42 8 8 9 7 7 8 7 8 5 7 10 3 10 13
45 3 4 4 5 4 4 3 3 3 5 4 3 1 2
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APPENDIX G 
WATER INTAKE-ONE HALF TO ONE HOUR
Bas eline-Days Inj ec tion-Days
Group
1 2 3 4 5 6 7 1 2 3 4 5 6 7
MH-Amphet
19 3 5 2 3 4 3 6 0 0 0 0 0 0 0
28 3 4 3 2 2 2 4 1 0 0 0 0 0 0
47 2 0 2 1 2 1 1 0 1 0 0 0 0 1
30 3 3 3 2 1 1 2 0 0 0 0 0 0 0
32 4 4 3 4 2 3 4 0 0 0 0 0 0 0
MH-Sal
37 3 0 2 2 2 2 2 5 3 2 3 4 0 1
41 2 0 2 2 1 1 2 3 3 1 2 3 1 2
31 3 3 3 3 1 3 2 1 2 3 2 3 1 1
34 3 3 3 2 3 3 3 3 4 3 3 2 3 2
35 1 2 1 5 1 1 5 3 4 3 1 3 3 5
Sham-
Amphet
16 4 3 4 5 4 4 3 1 0 0 0 0 0 0
38 4 2 2 2 2 3 3 0 0 0 0 0 0 0
40 2 2 2 2 2 2 2 0 0 0 0 1 0 0
22 2 3 2 2 3 3 3 0 0 0 0 0 0 0
48 4 5 4 3 5 3 3 0 1 0 0 0 0 0
Sham-Sal
17 7 5 6 6 9 6 5 9 10 6 6 4 3 3
18 4 7 7 3 5 4 4 5 0 4 4 4 4 5
42 3 5 2 3 3 4 3 3 3 3 0 8 4 1
45 2 2 0 1 1 2 3 1. 2 2 1 2 0 1
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APPENDIX H
WATER INTAKE-ONE TO SIX HOURS
Group
Baseline-Days Inj ection-Days
1 2 3 4 5 6 7 1 2 3 4 5 6 7
MH-Amphet
19 9 10 9 11 10 12 10 11 15 13 15 18 19 19
28 3 5 5 8 3 9 2 8 11 12 9 5 10 10
47 4 5 4 6 6 6 6 7 9 10 10 11 9 10
30 12 13 15 19 18 16 8 20 17 21 23 23 21 22
32 21 17 20 19 21 24 19 21 18 23 22 22 23 20
MH-Sal
37 7 11 12 10 10 12 8 9 14 17 10 11 15 11
41 11 12 12 12 11 11 9 11 10 10 9 6 6 8
31 6 6 7 6 7 5 5 8 7 6 7 8 7 4
34 20 16 18 18 19 20 20 19 19 23 21 23 18 18
35 13 16 12 12 19 14 13 16 15 17 17 18 20 16
Sham-
Amphet
16 15 20 18 16 12 17 16 14 16 22 21 23 25 25
38 7 10 13 13 14 14 13 17 13 15 14 15 14 18
40 20 11 11 15 12 13 11 13 17. 11 14 12 18 17
22 22 21 21 15 17 24 26 15 13 23 24 18 20 27
48 12 15 11 14 17 15 17 22 23 20 21 20 21 22
Sham-Sal
17 37 13 19 27 31 31 35 31 42 37 27 34 21 23
18 62 43 41 28 25 36 26 26 33 28 29 19 21 19
42 25 14 28 24 18 20 21 16 18 19 19 12 19 18
45 14 14 18 12 19 11 16 17 13 10 16 14 11 14
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APPENDIX I
WATER INTAKE-TOTAL
Group
Baseline--Days Inj ec tion-Days
1 2 3 4 5 6 7 1 2 3 4 5 6 7
MH-Amphet
19 16 20 18 18 18 21 19 12 16 14 15 18 19 19
28 10 12 11 14 9 14 9 9 11 13 9 ,7 10 10
47 7 9 9 9 9 9 9 8 10 10 0 11 9 11
30 20 21 24 26 25 23 15 20 17 21 23 23 22 23
32 29 25 29 27 29 31 26 21 18 24 22 22 23 21
MH-Sal
37 10 17 15 12 12 16 12 15 18 20 13 17 17 12
41 13 16 18 16 15 18 15 16 15 13 15 11 12 12
31 15 15 16 14 14 13 13 16 16 16 16 15 13 8
34 31 27 31 28 33 32 32 31 31 34 32 33 28 28
35
Sham-
21 25 19 22 26 21 23 24 26 25 25 28 29 28
Amphet
16 22 30 27 25 20 28 24 15 16 23 21 23 25 25
38 15 19 18 18 21 23 21 18 14 15 15 15 14 18
40 25 17 13 19 16 20 18 14 17 7 14 15 18 18
22 27 27 28 21 25 31 34 15 13 24 24 20 20 29
48 23 28 22 24 28 25 30 23 24 21 21 20 21 22
Sham-Sal
17 52 27 25 40 50 46 50 46 59 51 38 43 29 30
18 74 63 58 39 33 46 35 37 41 42 42 34 35 34
42 36 27 39 34 28 32 31 27 26 29 29 23 33 32
45 19 20 22 18 24 17 22 21 18 17 21 19 12 17
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APPENDIX N
BODY WEIGHT
Group
Baseline--Days Injection-Days
1 2 3 4 5 6 7 1 2 3 4 5 6 7
MH-Amphet
19 300 300 29 7 297 296 298 297 291 291 290 288 288 287 286
28 277 279 27 8 278 275 277 274 271 271 268 267 262 261 260
47 278 276 275 274 27 2 272 270 265 263 262 262 261 259 260
30 348 347 346 346 346 345 347 345 342 341 339 339 336 335
32 367 365 365 365 369 373 374 367 362 365 362 366 365 362
MH-Sal
37 221 221 218 216 212 210 206 204 203 200 195 194 190 189
41 216 213 210 209 207 204 200 198 196 194 191 188 184 182
31 289 288 290 287 286 284 282 281 282 283 283 287 287 281
34 338 339 339 343 345 344 347 351 352 353 354 358 358 349
35 256 255 255 253 251 251 250 252 251 251 249 251 251 248
Sham-
Amphet
16 276 280 276 277 275 275 275 270 269 271 270 269 268 268
38 245 245 243 239 238 237 235 237 237 233 230 229 227 225
40 224 225 225 227 227 225 223 220 221 215 213 211 212 210
22 228 224 223 221 219 220 218 216 215 215 214 211 211 210
48 293 294 296 297 298 299 300 299 298 296 296 296 296 298
Sham-Sal
17 265 260 256 257 258 258 259 258 262 262 261 263 265 265
18 254 255 254 256 256 254 258 255 258 260 260 262 263 262
42 249 251 252 256 256 256 254 257 254 257 257 256 258 261
45 255 257 260 259 263 260 260 259 262 263 264 262 261 263
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